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Abstract 
With the rapid development of urbanization and motorization, the proportion of the passenger cars is high, especially the empty-
loaded rate has become one of the important factors causing traffic congestion. Based on the empty-loaded rate survey of 
passenger cars on the two arterial roads in Shenyang, a model which inflecting the relationship among passenger cars’ empty-
loaded rate and carpool rate and traffic volume is established and verified by comparative analysis and curve fitting, and the 
empty-loaded passenger cars driving condition is forecasted. The results show that the average passenger cars’ empty-loaded rate
is about 67.4% and the passenger cars’ empty-loaded rate in the morning rush is between 56% and 84.3%. When the traffic 
congestion, the passenger cars’ empty-loaded rate is inversely related to traffic volume and the carpool rate is positively related 
to traffic volume in the morning rush, and the relationship between passenger cars’ empty-loaded rate and traffic volume is not
significant in the flat peak. Study on passenger cars’ empty-loaded rate has great significance on improving traffic conditions,
encouraging the carpool and reducing the traffic congestion. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Department of Transportation Engineering, Beijing Institute of Technology. 
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1. Introduction 
The growing traffic demand and the worsening traffic conditions intensify traffic congestion in the city. Until 
2014, the number of passenger cars has exceeded 1 million in Shenyang, which makes the contradiction between 
cars and roads become increasingly evident, so that the travel of people is inconvenient during the rush hour on 
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Shenyang arterial road. With the increasing proportion of the empty-loaded passenger cars rate, the capacity of the 
road is reduced. 
Some studies about the design and the effect of the carpool and the HOV lanes were carried out in the 1960s. 
Kwon et al. [1] evaluated the California’s HOV system’s operation effectiveness. Kevin and Mark [2] analyzed the 
relationship between the travel time on HOV lanes and the choice to travel on HOV lanes. The domestic study 
mainly focused on the taxi empty-loaded phenomenon. Lu et al. [3] analyzed the relationship among urban taxi 
quantity, taxi empty-loaded rate and its turn over quantity of citizen and floating population. Wang et al. [4] 
analyzed the relationship between the trips of occupied taxis and the trips of empty-loaded taxis. Chang et al. [5] 
analyzed the relationship among the empty-loaded rate and sharing rate and quantity of taxis, etc.  
It can be found that the focus of recent researches on empty-loaded rate is taxi instead of passenger cars. Based 
on the empty-loaded rate survey of passenger cars on the two arterial roads in Shenyang, the relationship among the 
passenger cars’ empty-loaded rate and carpool rate and traffic volume is discussed, which can provide a basis 
support for improving traffic conditions, and increasing the carpool rate. 
2. Data collection 
The empty-loaded passenger car refers to a passenger car with only one driver without a crew. In addition, the 
passenger cars’ empty-loaded rate and carpool rate respectively denote to the proportion of the number of passenger 
cars with one crew or two or more crews accounting for the number of passenger cars through a cross-section of the 
road in a specified time (excluding taxis). 
The survey was carried out from 7:30 to 11:00 AM, on February 4 and 6, 2015. Chongshan Road and Wenhua 
Road, arterial road, in Shenyang were selected. Chongshan Road lies in Huanggu District around which the schools 
and offices are located. It is two-way ten lanes. Wenhua Road lies in Heping District around which commercial 
areas are located. It is one-way six lanes. The directions of both study sites were from west to east. The traffic flow 
conditions of survey place from 7:30 to 9:00 AM were traffic congestion, which had queuing phenomenon. 
Mixed traffic volume through a specific cross-section were investigated, and the traffic volume of passenger cars 
with no crew, one crew and two or more crews included were counted and converted to passenger car unit relatively. 
The method of survey is manual observation [6]. Each observer was invited for each lane to count the mixed 
traffic volume including the number of passenger cars with no crew, one crew and two or more crews through the 
cross-section. The counting interval was 5min. 
3. Data analysis and model establishment 
3.1. Traffic volume characteristic analysis 
The proportion of the number of every kind of cars accounting for the mixed traffic volume through the cross-
section of Chongshan and Wenhua road from 7:30 to 9:00 AM is calculated and listed in Fig. 1. 
In Fig. 1, it can be seen that the proportion of the number of passenger cars with no crew accounting for mixed 
traffic volume is up to 60% which is relatively higher than others, and the proportion of passenger cars with crews is 
17.6% on Chongshan Road, while the proportion of the number of passenger cars with no crew accounting for 
mixed traffic volume is up to 43.3% which is relatively higher than others, and the proportion of passenger cars with 
crews is 20.5% on Wenhua Road. 
It suggests that one of the important factor causing the traffic congestion in the morning rush is the huge number 
of passenger cars with no crew and the high traffic density. It is of great significance for reducing the traffic 
congestion to study on the passenger cars’ empty-loaded rate. 
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Fig. 1. The proportion of the number of every kind of cars on Chongshan and Wenhua road 
3.2. Passenger cars’ empty-loaded rate analysis 
Passenger cars’ empty-loaded rate (%) and total traffic volume through the cross-section (pcu/5min) data on 
Chongshan Road are shown in Fig. 2. 
Fig. 2. Passenger cars’ empty-loaded rate and total traffic volume data on Chongshan Road 
In Fig. 2, it can be obviously seen that traffic volume is decreasing while passenger cars’ empty-loaded rate is 
increasing, and then traffic volume increases with the decrease in passenger cars’ empty-loaded rate from 7:30 to 
9:00 AM. After 9:00 AM, both passenger cars’ empty-loaded rate and traffic volume show irregular fluctuations 
status with no obvious relationship and the passenger cars’ empty-loaded rate is between 62% and 75%. 
To discuss the relationship between the passenger cars’ empty-loaded rate and the total traffic volume, a model 
was established with the data collected through the cross-section of Chongshan Road in the morning rush as follows: 
21295.9 1665.4 205.15Y X X    2 0.9715R           (1)
Where Y is the total traffic volume through the cross-section (pcu/5min), and X, passenger cars’ empty-loaded rate, 
is between 0.67 and 0.84 which is in decreasing interval of quadratic function. 
Passenger cars’ empty-loaded rate (%) and total traffic volume through the cross-section (pcu/5min) data on 
Wenhua Road are shown in Fig. 3. 
In Fig. 3, it can be seen that the trend of passenger cars’ empty-loaded rate and traffic volume of Wenhua Road is 
the same as Chongshan Road. In the morning rush, traffic volume is decreasing while passenger cars’ empty-loaded 
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rate is increasing, and then traffic volume increases with the decrease in passenger cars’ empty-loaded rate. After 
9:00 AM, both passenger cars’ empty-loaded rate and traffic volume show irregular fluctuations status with no 
obvious relationship and the passenger cars’ empty-loaded rate is between 50% and 66%. 
Fig. 3. Passenger cars’ empty-loaded rate and total traffic volume data on Wenhua Road 
The model between the passenger cars’ empty-loaded rate and the total traffic volume through the cross-section 
of Wenhua Road in the morning rush was given as follows: 
21267.2 1419.6 25.784Y X X    2 0.9362R             (2)
Where Y is the total traffic volume through the cross-section (pcu/5min), and X, passenger cars’ empty-loaded rate, 
is between 0.56 and 0.73 which is in decreasing interval of quadratic function. 
It can be concluded that when the traffic congestion, the passenger cars’ empty-loaded rate is inversely related to 
traffic volume and the average passenger cars’ empty-loaded rate is 72.5% in the morning rush; both passenger cars’ 
empty-loaded rate and traffic volume show a similar trend and average passenger cars’ empty-loaded rate is 63.6% 
in the flat peak on the two arterial roads. 
3.3. Passenger cars with less than or equal to one crew’s rate analysis 
In the morning rush, passenger cars with less than or equal to one crew’s rate is between 90% and 98%, in which 
passenger cars with one crew’s rate is between 13% and 23% on Chongshan Road. Passenger cars with less than or 
equal to one crew’s rate is between 83% and 95%, in which passenger cars with one crew’s rate is between 19% and 
27% on Wenhua Road. 
The model between the passenger cars with less than or equal to one crew’s rate and the total traffic volume 
through the cross-section in the morning rush was given as follows: 
Chongshan Road: 
25054.9 8773.9 3470.1Y X X    2 0.9124R    (3) 
Where X is between 0.9 and 0.98 which is in decreasing interval of quadratic function. 
Wenhua Road: 
2277.23 200.81 396.65Y X X    2 0.9664R    (4) 
Where X is between 0.83 and 0.95 which is in decreasing interval of quadratic function. 
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Where Y is the total traffic volume through the cross-section (pcu/5min), and X is passenger cars with less than or 
equal to one crew’s rate. 
It can be concluded that when the traffic congestion, the passenger cars with less than or equal to one crew’s rate 
is inversely related to traffic volume and average passenger cars with less than or equal to one crew’s rate is 92.4% 
in the morning rush; the relationship between the passenger cars with less than or equal to one crew’s rate and traffic 
volume is not significant and the average passenger cars with less than or equal to one crew’s rate is 90.5% in the 
flat peak on the two arterial roads. 
3.4. Passenger cars with two or more crews’ carpool rate analysis 
In the morning rush, passenger cars with two or more crews’ carpool rate is between 2% and 10% on Chongshan 
Road, and passenger cars with two or more crews’ carpool rate is between 5% and 17% on Wenhua Road. 
The model between the passenger cars with two or more crews’ carpool rate and the total traffic volume through 
the cross-section in the morning rush was given as follows: 
Chongshan Road: 
25054.9 1335.9 248.89Y X X    2 0.9124R    (5) 
Where X is between 0.02 and 0.1 which is in increasing interval of quadratic function. 
Wenhua Road: 
2277.23 353.65 320.23Y X X    2 0.9664R    (6) 
Where X is between 0.05 and 0.17 which is in increasing interval of quadratic function. 
Where Y is the total traffic volume through the cross-section (pcu/5min), and X is passenger cars with two or more 
crews’ carpool rate. 
It can be concluded that when the traffic congestion, in the morning rush, the passenger cars with two or more 
crews’ carpool rate is positively related to traffic volume and the passenger cars with two or more crews’ carpool 
rate is between 2% and 17%, which accounts for 4.8% of the total traffic volume. 
3.5. Empty-loaded passenger cars driving forecast analysis 
Table 1. Changes in the average of empty-loaded rate and total traffic volume on Chongshan and Wenhua Road. 
 Chongshan Road Wenhua Road 
Empty-loaded rate increment (%) -10 -20 -30 -10 -20 -30 
Total traffic volume increment˄pcu/5min˅ 21 16 -15 17 8 -25 
Total traffic volume˄pcu/5min˅ 325 320 289 369 360 327 
In Table 1, the increment of total traffic volume and the average total traffic volume is successively decreasing 
while passenger cars’ empty-loaded rate is successively increasing -10%, -20% and -30% in the morning rush on 
Chongshan and Wenhua Road. When the traffic congestion, average total traffic volume through the cross-section is 
increasing while passenger cars’ empty-loaded rate is decreasing. Under the condition of smooth traffic flow, 
average total traffic volume through the cross-section is decreasing while passenger cars’ empty-loaded rate is 
decreasing. 
It can be concluded that, when the traffic congestion, decreasing passenger cars’ empty-loaded rate, and setting 
bus lanes and HOV lanes, and encouraging the carpool system can enhance the traffic capacity and ensure smooth 
traffic flow. 
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4. Conclusions 
Conclusions can be given as follows: 
(1) One of the important factor causing the traffic congestion is that the proportion of the number of passenger 
cars with no crews accounting for mixed traffic volume is up to 60% in the morning rush; 
(2) When the traffic congestion, the passenger cars’ empty-loaded rate is inversely related to traffic volume in the 
morning rush. Traffic volume decreases with the increase of the passenger cars’ empty-loaded rate; 
(3) When the traffic congestion, the passenger cars with less than or equal to one crew’s rate is relatively high 
and inversely related to traffic volume in the morning rush˗
(4) When the traffic congestion, passenger cars’ carpool rate is positively related to traffic volume in the morning 
rush. Traffic volume increases with the increase of the passenger cars’ carpool rate; 
(5) When the traffic congestion, decreasing passenger cars’ empty-loaded rate can increase the traffic volume and 
ease the traffic congestion; when the smooth traffic flow, decreasing passenger cars’ empty-loaded rate can increase 
the speed of vehicles. 
With the cities’ economic development, traffic congestion is becoming increasingly conspicuous, and it is of 
great urgency to strengthen the study of empty-loaded rate of passenger cars. In the future, the relative researches 
would be focused on the study of regional empty-loaded passenger cars’ characteristic by more survey time and 
more data. 
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